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Outline

AExperimentaI work:
Y Searchor Lorentz violation at the South Pole

Y Search for longangeaxion-mediated spitmasscoupling at 20
cm scale

ATheoreticaI proposal:

Y Cavity Axion/hidden photon searchéhow to make them
better with cavity QED.
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L ocal Lorentz Invariance

Is the speed of light (photons)
rotationally invariant in our moving
frame?

Y First established by Michelsdviorley

experiment as a foundation of Special
Relativity
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| s the speed of 0l
particle Lorentz transformation
rotationally invariant in the moving 1018
frame?

Y Best constrained by Hugh&sever

experiments due to finite kinetic energy
of nucleons
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These two gquestions are actually closely
related and we can answer both

Michelson-Morley
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YEAR OF EXPERIMENT

From Clifford M. Will,
Living Rev. Relativit®, (2006)
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Lorentz violation tesat South Pole
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Reliable operation with minimahtervention
Simple optical setup with DBR diode lasers
Whole apparatus in vacuum afarr

Automatic finetuning and calibration procedures
Remotecontrolled mirrors, laserdilt, etc
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South PoldResults

ﬂ TWO W|nters Of data taklngJ 2H Sldereal frame (2013) /PNC . 1H Slidereal Trame (2Io14)/1:I>NC

T About 60%on factor Lot Y vk ﬂ@ﬁ%ﬂﬁ S of Eﬁ{r iﬁ {1
©10-29 o 1H Sldereal frame 2013) - 1II-I Siderelal framel (2014) |
2.5 T T ‘ T 10 10 T T T T
20l a) ss . o |
I gﬁﬁ *{iﬁﬂﬁ"- sop i sRE ey
ok | - 10 10 '
Y ? } 1H Lab- frame 2013 1H Lab- frame (2014)
Z 05F } . 60 ] 20 :
0.0 ® . i
—05 +¥ } EU§ Lié . EU Iﬁ{ ﬁi} * -
1ol - - 60 72() '
s , , | , 800 4340 480 4920 4960 F2S0 530 5400 5460
T cw cCcw PolUp PolDn Sid. Day Sid. Day
x10~2?
T - | 2.9x 103 3.9x103%0 1.8x1030
05 { } i cy 3.1x1030  3.6x103%0 1.8x1030
o 7 } C, 3.3x10%0  3.4x1030  1.2x10%30
s | | ¢ 2.9¢10%  3.2x1030  1.2x10%
—-1.0

CW CCW PolUp PolDn



Slowly-modulatednagnetielike signals very lightaxions

1 Axion wind will generate slowhvarying pseudo magnetic field

H = gwma, cosmi)vas
Yv=232km/secat42 o Eart hdés axi
Y Limit on energy shift ~183eV
Y Corresponds tg = 510 ° GeV!

Y Limit obtained so far islightly worse than SN1987A
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Y Much better than direct experimental ______ APsearch 107
limits from spindependent forces [ o 8
10 H 95% Limit 0
Y Extends to 1682eV, where there is s 20 2 '
someastrophysicagvidence for
fuzzy darkmatter, possible z WwEL o
string theory motivation ik

P.V.Vorobey A.l. Kakhidze 1.V. Kolokolov

Phys. AtomNucl. 58, 959(1995),arXiv:astroph/9501042 Lo

P.W. GrahamS. Rajendran
Phys. Rev. (88, 035023 (2018
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L. Hui, J. P Ostriker S.TremaineE. Witten, arXiv:1610.08297



Spinmass searches with-cwagnetometer

1 Will be more sensitive than astrophysical limits
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Astrophysicalx gravitational limits from GRaffelt
Phys. Rev. 86, 015001 (2012)




Cavity axionsearches

Si k i cavitghalescopas the onlyexperimental approach that has been abl

:

to reachthe QCDaxionwindow.
Can we improve on this basic approach?
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Conversion rate aixionsto photons
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Conversion rate 50 a/sec@O03axionsin cavity at any time
At 100mK physical temperature ~ 2 thernmdotons preseni cavity
At higherfrequencycouplinggoes up buvolumegoes down ak 3
Y Need multiple cavities in parallel or new geometries.
For higher frequencies can suppress thermal photons: 5=GKH@2mK

Use a single microwave photon counter or use squeezed States (
Lamoreauxet al, PRD88, 035020 (2013

An experiment calle€@ ARRACK: inCosmicAxion Research with Rydberg

Atoms in a Cavity aKyotoO already used Rydberg atoms as photon
microwave detectore¢pph/0101200)

IncreaseQo f cavi t yseenbtahelf @.cc O s 100 t
Can one benefit from ©>Q,?



Bosonic conversion enhancement

{ Cavity with a finite initial number of photons exposed t
axionfield:
Y Do e s n Oaxionkas likelyto be emitted as absorbed

VoLUME 51, NUMBER 16 PHYSICAL REVIEW LETTERS 17 OcroBER 1983

Experimental Tests of the ““Invisible’’ Axion

P. Sikivie
Physies Depaviment, Untversity of Flovida, Gainesville, Florida 32611
{Received 13 July 1983)

Experiments are proposed which address the question of the existence of the “invisible”
axion for the whole allowed range of the axion decay constant. These experiments exploit
the coupling of the axion to the electromagnetic field, axion emission by the sun, and/or
the cosmological abundance and presumed clustering of axions in the halo of our galaxy.

PACS numbers: 14.80.Gt, 11.30.Er, 95.30.Cq

VoLuME 51, NUMBER 16 PHYSICAL REVIEW LETTERS 17 OcToBER 1983

Finally, let us take note of the interest of trying to devise an experiment which exploits the very
high quantum degeneracy of the axions in the halo of our galaxy. In particular, emission of axions
with energies between m, and m [1+0(107%)] is enormously stimulated {the rate is multiplied by a
factor 10%°[v/(10*2 GeV)}'}, and hence may become measurable. It is necessary, however, that the
emitter does not equally well absorb axions; otherwise, stimulated emission and stimulated absorp-
tion will cancel each other, as is the case with a cavity or with any other harmionic oscillator coupled
to the axion field,



Bosonic conversion enhancement

{ Cavity with a finite initial number of photons exposed t
axionfield:

Y Do e s n Oaxionkas likelyto be emitted as absorbed

VoLUME 51, NUMBER 16 PHYSICAL REVIEW LETTERS 17 OcroBER 1983

PHYSICAL REVIEW D VOLUME 42, NUMBER 5 I SEPTEMBER 1990

Nuclear dipole radiation from @ oscillations

Jooyoo Hong and Jihn E. Kim
Department of Physics, Seoul National University, Seoul 151-742, Korea

P. Sikivie
Department of Physics, University of Florida, Gainesville, Florida 32611
{Received 19 March 1990)

The oscillations of the vacuum angle € due to a cosmological axion field will induce oscillating
electric dipoles onto nuclei. We discuss the observability of the resulting nuclear dipole radiation.

with energies between m, and m,[1 + 0(10"°)] is enormously stimulated {the rate is multiplied by a
factor 10%°[v/(10*2 GeV)]'}, and hence may become measurable. It is necessary, however, that the
emitter does not equally well absorb axions; otherwise, stimulated emission and stimulated absorp-

tion will cancel each other, as is the case with a cavity or with any other karmonic oscillator coupled
to the axicn field,



